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Problem 4.6 

 

Displacement field for a beam element: 

 

Some manipulations:  

 

 

 

Changing the coordinate system: 

 

  OK! 

 



Problem 5.4 

 

 

Beam Element:  

It is loaded with both axial and bending forces → Truss Model + Beam Model 

 

Pure Beam (Eulero-Bernulli) Equations (recall): 

 

 



 

We substitute the interpolation of v(x) and w(x) in the weak form of the equilibrium 

equation: 

 

 

We write the moment M as a function of the curvature: 

 

And we get: 

 

 

 



1) Stiffness Matrix of Element 1 : BEAM 

 

Axial Component (Truss) 

 

Bending Component ( Pure Beam) 

General Formulation: 

 

In our  case a = 2L 

 

 

 

 



 

2) Stiffness Matrix of Element 2 : Spring 

 

3) Assemble the Stiffness Matrix 

 

 
 



 
4) Define the Force Vector 

 

 
5) Compute the body force vector for element 1 

 

 



 
 

  

6) Compute the body force vector for Element 2 (No load) 

 
 

7) Assemble the body force vector 

 

 
 

 



8) Solve the system and find the displacements: 

 

 

 

 

 

 
 

 

 

 

 

 



 

9) Compute the Forces 

 

 
 

 

10) Evaluate the FEM Displacement Function  

 

 
 

11) We can evaluate the Bending Moment function 

 
 



 

Problem 5.6 

 

 

Conditions on Symmetry 

 



 

 


